
ON THE @SOPHAGUS OF THE RUMINANTIA. 53 

The @sophagus of the Ruminantia*. By Wint1amM RurHERrorpD, 
M.D., Resident Surgeon, Royal Infirmary, Edinburgh ; formerly 

Demonstrator of Anatomy at the Royal College of Surgeons, 
Edinburgh; President of the Royal Medical Society. Com- 
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[Puare ITI. ] 

[Read June 16, 1864.] 

THe muscular structure of the wsophagus of the Ruminantia 

seems to have been a subject which, nearly two centuries ago, 

attracted a considerable share of attention; for, in Peyer’s work 

on the Ruminantia, the opinions of no fewer than twelve distin- 

guished anatomists are quoted in reference to it. 
In recent times it has not, so far as I have been able to ascer- 

tain, been re-examined, except perhaps by Mr. Spencer Cobbold 

(Todd’s Cyclopedia of Anatomy and Physiology). 
I have not been able, however, to meet with any description 

which at all approaches the truth. I will briefly allude to the 
opinions of previous authors before giving the results of my own 

investigations. | 
The first writers on this subject appear to have been Apo- 

nensis and A’mylianus, who said that the muscular fibres are 
arranged in two layers, the outer consisting of longitudinal, the 

inner of transverse fibres. 
Aquapendentius and Guilandinus accepted this description ; 

and Galen expressed the opinion, that while the food was swal- 
lowed by all the fibres, it was returned to the mouth through the 

action of the transverse ones only. On the other hand, Fabricius 

and Fallopius went so far as to say that the Ruminant’s ceso- 
phagus contained no muscular fibres at all, but that it was 

composed of a peculiar tissue met with in no other part of the 

animal. 
Stenson described the muscular fibres as forming double 

spirals, the bundles running spirally from one end of the cso- 
phagus to the other, forming two layers, which interlace at two 

raphes; so that the same bundle, while running from one end 

to the other, lies alternately in the inner and outer layer. 

* Being a portion of a Thesis for which a Gold Medal was awarded by the 

Senators of the University of Edinburgh at the Graduation in 1863. The Thesis 
was accompanied by numerous dissections and models, which were examined 

and approved of by Professor Goodsir and the other Members of the Medical 

Faculty, and are now in the University Museum. 
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Bartholinus and Grew’s accounts somewhat resemble this; but 

they thought that there-was an internal and also an external 

series of double spirals. Ducernus, Delphinus, and Willis adopted 
Stenson’s description; and Peyer’s account, though evidently 

intended to be original, does not differ from Stenson’s, excepting 
that it is a more lucid and intelligible exposition of a mistaken 
notion as to the structure. 

Monro (Secundus) has, in a thesis on dysphagia, mentioned 

the fact that the muscular fibres in the Ruminant’s gullet cross 

each other like the lines of the letter X. But this was nothing 

new; it had been pointed out long before; and it is a fact which 

any one might perceive almost at a glance. ; 
Dr. Spencer Cobbold’s description * is the latest. He says 

that the muscular fibres are arranged in two layers, the owter 
“transversely circular,” the inner “ obliquely longitudinal.” 

These descriptions are all incorrect. Certainly Stenson’s is 

nearer the truth than any of the others; but it is, nevertheless, 

wide of the mark. 
After prolonged and careful dissection, I feel convinced that 

the following will be found to be the true description. 
The muscular structure of the cesophagus consists of two 

layers of fibres running in an oblique direction. The fibres of 
both layers do not, however, run in the same direction, but cross 

each other like the letter X. The two layers are everywhere 

Fig. 1. 

External layer. c . Internal layer. 

separable, except at two lines, which are exactly opposite each 

other, and run from one end of the gullet to the other, dividing 

it longitudinally into two symmetrical halves. (Plate III. 
fig. 2.) 

These lines I shall call the decussations; for there the two 

layers intermingle, the inner layer of either side passing out to 

become the outer layer of the opposite side; that is to say, the 
inner layer of one side passes outward, to become the outer layer 

* Todd’s Cyclopedia of Anatomy and Physiology. 
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of the opposite side, and, in so doing, crosses and interdigitates 
with the inner layer of-the other side as it runs outwards also. 

Fig. 2. 
Line of decussation. 

Outer layer. Outer layer. 

ena Inner layers. A 

Inner layer (A) becomes the outer layer (A). 
Inner layer (B) becomes the outer layer (B). 

On examining one of the lines of decussation more minutely on 

both its outer and inner aspects (Plate III. figs. 1 & 3), it will be 
observed that, whereas internally the crossing is clear and distinct, 

externally itis obscure. This is caused by bundles of fibres of the 
outer layer, which, instead of dipping down to become internal, 

continue over the decussation to the outer layer of the other side 
(Plate III. fig. 1,4). These fibres, for the sake of convenience, 

Fig. 3. 

Non-decussating bundle. 

wa Eis 

we oa 3 

Outer layer. ” .*8 Outer layer. 
Inner layers. 

may be termed the non-decussating bundles—an incorrect term, 
however ; for, if these bundles be traced round to the other line of 

decussation, they will always be found to decussate 
there, and pass into the inner layers. Further, 

the concavity of the non-decussating bundles (for | 

they all run obliquely) (fig. 7) looks at the one 

decussation upwards, at the other downwards. At 

both decussations, all the fibres of the inner layers 
run into the outer layers; but ali the fibres of the 
outer layers do not, in like manner, run into the 

inner layers, but the half of the fibres of the outer ,) 
. ais undle of 

layer of one side runs over the decussation into the fibres not de- 

outer layer of the other side ; and whether you trace ene at 
these non-decussating bundles upwards from the one fon banned 

decussation, or downwards from the other, they will so the 
always be found to decussate at the decussation of eat 

the opposite side, so that they do not form a layer there decns- 

of circular fibres. sane: 
5x 



56 DR. W. RUTHERFORD ON THE @SOPHAGUS 

The great difficulty in ascertaining the structure lies in tracing 
these non-decussating bundles from one decussation to the other ; 

for an intermingling of the fibres of the outer layer takes place 
between the decussations (Plate ITI. fig. 2, F). The non-decus- 

sating bundle (which is external to everything at the one decussa-_ 
tion), when traced downwards, e.g., gets below the non-decussating 

bundle coming up from the other decussation ; while the latter, 
in turn, gets below the former; so that at both decussations 
the non-decussating bundles are necessarily external, while the 
decussating bundles are internal (vide Fig. 7). 

It would be an easy task to trace _. : 

these bundles in the outer layer, did apart ee 

the fibres of both bundles not inter- one lateral half of the gullet, 
mingle as they cross each other; but — ™ludingbothdecussations. 
the bundles break up into their finest 
fibres, thereby rendering the interdigi- 

tation very minute and difficult to trace 
(Plate IIT. fig. 2, Fr). I have often 

failed to do so, but I have succeeded a 

sufficient number of times to warrant 
my advancing the above description as 
correct. Now, all the fibres of the 

inner layers, whether traced upwards 
or downwards, will always be found 
to decussate (except at the lower end 
of the esophagus); and if they be 
traced onwards in the outer layers, they 1,1’. The two lines of decus- 

will be found to form the non-decus- _ sation. 
: ; 2,2’. Non-decussating bundles. 

sating bundles at the newt decussation 3’ Crossing of the fibres form- 

(vide Fig. 7, a' & B'). This being true, _ ing the outer layer. 
Unies : 4,4’, 4”. Inner layers. 

the structure is simply this:—EHach 5) Outer layers. 

bundle of fibres forms a perfect loop, 
which crosses the cesophagus obliquely three times (Fig. 6). 
That is to say, a bundle of fibres (4, Fig. 6) in the outer 
layer, which runs over a decussation without decussating, when 

traced round to the other decussation (c) is there found to de- 

cussate and pass into the inner layer (FF), in which it crosses 

the gullet a second time and again decussates (D), passing into 
the outer layer (= £), in which it crosses the gullet for the third 
time, and forms at B the non-decussating bundle; so that the 
one extremity (so to speak) of the loop is above, on the one side 
of the cesophagus, while the other extremity is below and on the 

Fig. 5. 
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opposite side. The same bundle is twice in the external, but 
only once in the internal layer; hence it is that the outer layer 

contains twice as many fibres as the inner layer; it is not, how- 

ever, twice as thick, because it contains much legs cellular tissue 

than the inner layer, and is, in consequence, more compact than 

that layer. | 
The fact which must more especially be borne in mind is, that 

the bundles of the inner layer, when traced either upwards or 
downwards, always decussate at the nearest decussation; and 

when traced onwards in the outer layers they form the non- 
decussating bundles at the next decussation, If this fact be for 
a moment thought over, it will be seen how impossible it is to 

draw from it any but the above conclusion as to structure, viz. 
that the bundles form perfect loops, crossing the gullet three 

times (Fig. 6). The manner in which the loops are linked 

Drawing from a model made*with an india-rubber band upon a cylinder of 
wood. It shows the essential element in the structure, viz. a continuous band 
of fibres crossing the cesophagus three times; it begins at 4 (which is a line of 
decussation) on one side, and ends at B (the other line of decussation) as a 
non-decussating bundle on the other side. At A, B, and n’, 4, it is in the outer 
layer ; it decussates at c and p, between which, F, Fr, it is in the inner layer; so 
that it is twice in the external, but only once in the internal layer: it decus- 
sates at both decussations © and p, and also forms non-decussating bundles at 
both A and zB. 

together, so as to form a continuous tube, is extremely ingenious. 
A diagram will, however, explain the arrangement better than 
any description (Vig. 7). 

Drawing from a model made with three india-rubber bands instead of one, to 
show how the bands are connected one to another. 
When the band 1 is decussating for the second time at a’, the band 2 begins 

as the non-decussating bundle, which, it will be observed, is external to the 
decussating bundles ; as the second band runs round to the opposite decussation, 
B', It gets in below the first band, which ends at B! (external to the second bundle) 
as the non-decussating bundle. In the drawing, the first band has been folded 
round the second band between a’ and zs’, The same arrangement as that 
described occurs when a third band is added (between a'’ and 8"), and so on. 

The first turn of the first band (a) and the last turn of the third band (s'’’) 
are necessarily incomplete, owing to the want of other bands. Between a and 
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B, A’ and B!, A” and 8", a’ and B'”’, the bands form the outer layer, which, 
however, is structurally complete only between a' and 3’, A’’ands'’. The bands 
form the inner layer between B and a’, B’ and a”, B” and a’. The inner 
layers, unlike the outer, are, on the model, all perfect; it will be observed that 
they contain only single bands, and are, in consequence, only half as thick as 
the outer layers between a’ and 8’, A’’ and B"’, which have double bands. 

The whole could be converted into a solid tube by multiplying the bands, 
thereby filling up the open spaces. 

Just before the gullet joins the stomach, the inner layer be- 

comes very much thicker than the outer layer, owing to the 

presence of circular fibres, which probably act as a sphincter. 

Two other theories suggested themselves to me in the course of 

my investigations :—First, that although a perfect loop, the bundle 

might be longer than I now suppose it to be; that is, instead of 

crossing the cesophagus only thrice, it might do so oftener, say 

five or seven times (Fig. 8). This I soon abandoned; for I 

Fig. 8. 

found that all the fibres of the inner layer, after passing into 

the outer, become non-decussating at the next decussation,-which 

could not be the case if the loop crossed the gullet more than 
three times ; and, moreover, I found that at a decussation the non- 

decussating bundle is as large as the decussating bundle, which 

could not be the case were this long-loop view correct. 
The same facts overthrew the other theory which suggested 

itself to me, viz. that the fibres form long bundles, beginning by 
loops at the decussations—at one decussation the convexities of 
the loops pointing downwards, and the bundles running spirally 
to the upper extremity of the cesophagus, while at the other 
decussation the convexities of the loops point upwards, and the 

bundles run spirally towards the lower extremity. According to 

this view, the gullet would certainly have been of equal thickness . 
throughout; but its truth is negatived by the same facts which 
oppose the long-loop view, viz. that the non-decussating bundles 
at the decussation are as large as the decussating bundles, and 
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all the fibres of the inner layer, when traced round in the outer 
layer, become non-decussating at the first decussation at which 

they arrive after having entered the outer layer*. I have cal- 

culated that, were this last theory true, the decussating bundle, 
at a decussation, would be ten times as large as the non-decus- 

sating ; because a spiral running from the one end of the ceso- 
phagus to the other would cross it nine or ten times. 

Now, what is the use of this remarkable and beautiful arrange- 

ment of the fibres? Isit to enable the animal to ruminate? It 

would be difficult to conceive why so elaborate and ingenious a 
structure should be required to bring the food back from the 
stomach ; for the simpler human cesophagus, with its longitudinal 
and transverse layers, ought to be just as able to carry the food 

up from the stomach as to take it down; and that it is so is 
shown by the act of vomiting. And further, the idea that it is 

a special provision for rumination is proved to be erroneous by 
the fact (as I have ascertained) that the cesophagus of the dog 
has the same structure as that of the Ruminant. I have not 
examined the cesophagus of any of the other Carnivora ; but the 
above is true of the dog’s, at any rate. 

The advantage gained by a structure such as this, seems to be, 

lst, rapidity of transmission. A body at a, if pulled by two 

oblique strings, will be advanced to B more rapidly than if these 

strings were pulled directly before the body, supposing the power 

Fig. 10. 
A 

SS 

moves at the same rate in both cases. When the strings are ob- 
lique, however, although rapidity of transmission is gained, there 

is a loss of power. 
A bundle of fibres of the inner and outer layers, when viewed 

in relation one to another, form a parallelogram (vide Fig. 11). 

* I have frequently used the term “layer” both in the singular and plural 

numbers: e. g. the term “inner layers’’ refers to the internal layers of both of the 

symmetrical halves into which the cesophagus may be longitudinally divided, 
while “inner layer” refers to the internal layer of one of these halves. ° 
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During contraction, the pomts a and B, and also ¢ and D, are 

approximated. By the approximation of a to B the gullet 

Fig. 11. 

A 

B 

is more rapidly shortened, and by the approximation of © to p 
it is more rapidly constricted, than is the human gullet by the 

action of the longitudinal and circular fibres ; and thereby a bolus 
is carried more rapidly along the huminant’s gullet than along 

Man’s, or that of a Bird with its circular fibres only. This is a 

great advantage in the case of the Ruminant; for the slow passage 
of so much food backwards and forwards would very seriously 

interfere with respiration by pressing upon the trachea. But, 

on the other hand, why should the carnivorous animal have such — 
an cesophagus? ‘This fact renders necessary a second explana- 

tion, viz. that by this *arrangement great strength is gained. The 

same number of fibres as are present in the human gullet would 

form a much stronger and more compact tube if interwoven in a 

manner similar to that in the Ruminant’s cesophagus; for the 
fibres are so closely interlaced, that separation of them is ex- 
tremely difficult ; while, in the human gullet, the fibres are more - 

apt to separate when pressing upon a hard bolus. And as the 
muscular tunic of even the dog’s and sheep’s gullet is thicker than 

that in the human subject, strength, in addition to rapidity of 

transmission, is certainly gained. I have often been astonished 

(before I knew the structure of its gullet) at the large masses of 

unchewed food which a dog can readily swallow. 
I have examined the sheep’s cesophagus more especially ; for 

that of the ox, though having the same structure, is much more 

difficult to dissect on account of the greater brittleness of its 

fibres when boiled. I have not examined the gullet of any other 

Ruminant, as I have been unable to procure any other. 
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Finally, the Ruminant’s cesophagus differs widely from the 
human as regards the microscopic character of its muscular fibre ; 
for while in the human gullet there is a mixture of striped and 

unstriped fibres, in the Ruminant’s they are all of the striped 

variety. 
In conclusion, I have to acknowledge my obligations to my 

friend Mr. Deas, to whose kindness I owe the beautiful and very 

accurate drawings which illustrate this paper. 

EXPLANATION OF THE PLATE. 

Puate III. 

Fig. 1. Portion of sheep’s gullet, twice the natural size (seen from within). The 

fibres of the internal layer, cc, are seen decussating and running into 

the external layer, 8B; while at A is seen a non-decussating bundle 

_ passing outside the decussation, from the outer layer of the one side of 
the decussation to that of the other side. 

Fig. 2. The entire circumference of a sheep’s cesophagus, seen from within 

(natural size). It has been simply slit open and dissected. Above, 
A’, a", are seen the two lines of decussation; B, a bundle of fibres 

which has not decussated at the decussation A’; and ¢, a similar 

bundle which has not decussated at a’. , a bundle of fibres of the 

inner layer which decussates at the line of decussation A’; and E, a 

similar bundle which decussates at the line 4’. p runs up to form B, 

and & goes to form c, both in the outer layer; below r they separate 

into their finest fibres and interdigitate one with another. «G«@, outer 

layer. > 

Fig. 8. Two portions of the esophagus of a sheep (natural size), to show the 
difference between the inner and outer aspects of the line of decussa~ 

tion. In A it is seen from the inside. All the fibres decussate, so 

that the decussation is sharp and well defined; but on the outside, B, 

it is much obscured by the non-decussating fibres, which, instead of 

dipping down as in A, run across from one side of the line to the 

other. GG, outer layers. Db, inner layer. 

Descriptions of New Species of Hymenopterous Insects from the 

Islands of Sumatra, Sula, Gilolo, Salwatty, and New Guinea, 

collected by Mr. A. R. Wattacz. By Freprerick Smiru, 
Assistant in the Zoological Department, British Museum. 
Communicated by W. W. Saunpers, Esq., V.P.L.S. 

[Puate IV.] 

[Read June 2, 1864. ] 

Tue collections of Hymenoptera which are described in the fol- 
lowing list contain several insects of especial interest. Three new 
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